High affinity saturable uptake of oxidized low density lipoprotein by macrophages from mice lacking the scavenger receptor class A type I/II.
Oxidation of low density lipoproteins (LDL) has been implicated as a causal factor in the pathogenesis of atherosclerosis. Oxidized LDL has been found to exhibit numerous potentially atherogenic properties in vitro, including receptor-mediated uptake by macrophages. Oxidized LDL is a ligand for the class A scavenger receptor type I/II (SR-AI/II), but cross-competition studies with cultured macrophages suggested that there is an additional receptor(s) that is specific for oxidized LDL and that does not interact with acetyl LDL or other chemically modified LDL. A number of macrophage membrane proteins, including CD36, FcgammaRII-B2, scavenger receptor BI, and macrosialin/CD68, have been found to bind to oxidized LDL in vitro and have been proposed as candidate oxidized LDL receptors. However, because of overlapping ligand specificity with the SR-AI/II, it has been difficult to evaluate the relative importance of these proteins in the uptake of oxidized LDL by macrophages. In the present report, we have studied the uptake and degradation of oxidized LDL by macrophages from mice in which the SR-AI/II gene had been disrupted. The uptake of acetyl LDL was reduced by more than 80% in macrophages from scavenger receptor knockout mice, confirming that most of the uptake of acetyl LDL by macrophages can be attributed to this receptor. In contrast, the uptake of extensively oxidized LDL was reduced by only 30% and showed high affinity, saturable uptake with apparent Km of about 5 microg/ml, similar to that of the SR-AI/II. This indicates that about 70% of the uptake of oxidized LDL in macrophages is attributable to an alternate oxidized LDL receptor(s). In contrast to findings reported with CD36, mildly oxidized LDL was internalized much more slowly than extensively oxidized LDL. Unlabeled oxidized LDL, polyinosinic acid, phosphatidylserine-rich liposomes, and LDL or bovine albumin modified by fatty acid oxidation products were effective competitors for the uptake of radioiodinated oxidized LDL by macrophages from knockout mice, whereas acetyl LDL and malondialdehyde-modified LDL were relatively poor competitors. This ligand specificity differs from that of CD36-related (class B) scavenger receptors but is similar to the reported specificity of macrosialin/CD68 in ligand blots. However, the rate of uptake of oxidized LDL by knockout macrophages was not increased by phorbol ester or in thioglycollate-elicited macrophages, both of which are expected to increase the amount of macrosialin on the cell surface. In macrophages from SR-AI/II knockout mice, ligand blots of membrane proteins with iodinated, oxidized, or acetylated LDL revealed several bands, with apparent molecular size on SDS-polyacrylamide gel electrophoresis of 60, 94, 124, and 210 kDa, but none of the bands were specific for oxidized LDL. These results provide direct evidence that a receptor other than SR-AI/II is responsible for most of the uptake of oxidized LDL in murine macrophages, but further studies are needed to identify the receptor(s) involved.